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ABSTRACT 
 
 Adsorption of heavy metals by sawdust, an alternative utilization of waste, chosen to 
investigate the effectiveness of using sawdust to remove heavy metal ions from aqueous 
solutions for the adsorbent’s economical feasibility and availability in large quantity. In this 
study, Chengal tree sawdust, an inexpensive material, were investigated as an adsorbent for 
the removal of Cu(II), Zn(II) and Fe(II) ions from aqueous solutions using batch techniques. 
The purpose of this research is to investigate the potential of sawdust as natural low cost 
adsorbent to adsorb Cu(II), Zn(II) and Fe(II) heavy metal ions by the variation of solution 
pH, contact time, initial concentration and adsorbent dosage. The adsorbent was prepared by 
collecting the Chengal sawdust, dried and ground the sawdust using grinder and mechanical 
sieve to specify the adsorbent to certain size. Adsorbate were prepared by diluting 250 mg/L 
of stock heavy metal solutions then used for testing the effect of removal of the heavy metal 
ions. 0.5g of sawdust as adsorbent with 100 ml adsorbate was kept constant for this 
experiment where the adsorbate solution varied in pH2 to 10, using concentrated 0.1M NaOH 
and 0.1M HCl to change pH and put in a orbital shaker, operated at 150rpm for 145minutes. 
For variation in contact time, the solution was set on the shaker for different sets of time 
interval 20minutes from minute 5 until minute 145 at constant 150rpm and 25˚C, with 
adsorbate concentration of 250mg/L. Initial adsorbate solution concentration of 250 mg/L 
was used with adsorbent sample varying in weight, 0.1g to 0.5g, set on shaker at constant 150 
rpm and 25˚C. Adsorption process using Chengal sawdust was found to be suitable at pH4. 
Kinetic studies were conducted where both pseudo-first order and pseudo-second order yield 
values of R² from 0.6964 to 0.9453 and from 0.9995 to 1.0 for each order. Adsorption 
isotherms were described by both Langmuir and Freundlich isotherms. Langmuir equation 
was found to represent the equilibrium data for adsorption of Cu(II), Zn(II), and Fe(II) using 
Chengal sawdust (0.9360< R² <0.9905), and the maximum adsorption capacity was highest 
for Cu(II) with 25.71mg/g. 
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ABSTRAK 
 
Penjerapan logam berat oleh habuk papan, penggunaan alternatif bahan buangan, 
dipilih untuk menyiasat keberkesanannya untuk mengeluarkan ion logam berat daripada 
larutan. Dalam kajian ini, habuk papan dari pokok Chengal, bahan murah, yang sedang 
disiasat sebagai adsorben untuk penyingkiran Cu (II), Zn (II) dan Fe (II) ion daripada larutan 
akueus. Tujuan kajian ini adalah untuk menyiasat potensi habuk papan sebagai dsorben  
semula jadi  yang kos rendah untuk menjerap Cu (II), Zn (II) dan Fe (II) ion-ion logam berat 
semula jadi menggunakan variasi larutan pH, masa, kepekatan awal dan jumlah adsorben. 
Adsorben disediakan dengan mengumpul habuk papan Chengal, dikeringkan dan dikisar 
kepada saiz tertentu. Adsorbate disediakan dengan mencairkan 250 mg / L logam berat yang 
akan digunakan untuk menguji kesan penyingkiran ion-ion logam berat. 0.5g habuk papan 
sebagai adsorben dan 100 ml adsorbate adalah malar bagi eksperimen ini di mana bagi 
larutan pH berbeza dalam kumpulan pH; 2-10, menggunakan pekat 0.1M NaOH dan HCl 
0.1M untuk menukar pH dan dimasukkan ke dalam penggoncang orbit, yang beroperasi pada 
150rpm untuk 145minit. Bagi perubahan dalam masa, larutan digoncang untuk pada setiap 
sela masa 20minit dari minit ke5 sehingga minit ke 145 pada 150rpm malar dan 25˚C, dengan 
kepekatan larutan 250mg / L. Larutan dengan kepekatan awal 250 mg / L telah digunakan 
dengan sampel adsorben yang berbeza-beza berat dalam skala, 0.1g 0.5g, ditetapkan pada 
penggoncang malar 150 rpm dan 25 ° C. Proses penjerapan menggunakan habuk kayu 
Chengal didapati sesuai pH4. Kajian kinetik telah dijalankan di mana kedua-dua pseudo-
tertib pertama dan kedua di mana hasil nilai R² dalam lingkungan 0.6964-0.9453 dan 0.9995-
1.0 bagi setiap tertib. Penjerapan bagi Cu (II), Zn (II) dan Fe (II) akan diterangkan oleh 
kedua-dua Langmuir dan Freundlich model.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
1.1     BACKGROUND 
 
Heavy metals are any metallic chemical element that has a relatively high density and is 
toxic at low concentrations (Sekhar et al., 1997).The removal of toxic and heavy metal 
contaminants from aqueous waste streams and industrial effluents is one of the most 
important environmental issues being faced the world over. Malaysia has been one of the 
most industrial countries all over the world, where many of the rivers have been polluted due 
industrial waste discharge into local rivers and seas.  
 
According to World Health Organization, some of examples of heavy metal include 
aluminum, chromium, magnesium, iron, copper, nickel, zinc, cadmium, mercury and 
plumbum. Ahmad et al., 2009, stated that iron is the most widely used metal where its low 
cost and high strength makes it favorable in engineering applications such as construction of 
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machinery and machinery tools, automobiles and components for building. Irons could also 
be found in our daily food such as red meat, poultry, beans and green vegetables. However, 
large amounts of ingested iron could cause liver failure, long-term organ damage or even 
death. Copper’s applications include in production of electrical wires, roofing and plumbing, 
industrial machinery and production of alloy. Exposure to particulates or solution may cause 
conjunctivitis, ulceration, and corneal abnormalities. Zinc is commonly used in alloy 
production and as an anti-corrosion agent by galvanization process. Excessive exposure to 
zinc can result in loss of appetite, decreased sense of taste and smell, slow wound healing and 
skin sores. Zinc-shortages can even cause birth defects. The search for alternate and 
innovative treatment techniques focused on natural byproduct which is environmental 
friendly that could be used as an adsorbent. 
 
In order to combat this problem, the commonly used procedures for removing metal ions 
from dilute aqueous streams include chemical precipitation, ion-exchange, reverse osmosis 
and solvent extraction (Rich et al., 1987). However, these techniques have certain 
disadvantages such as incomplete metal removal, high reagent and energy requirements, 
generation of toxic sludge or other waste products that require disposal. The hazardous 
wastes generated from mining and smelting operations also need iron be decontaminated 
before entering the ecosystem.  
 
Adsorption process is selected in this research because it is quite selective, effective, and 
able to remove various levels of soluble heavy metals in solution. In recent years, 
considerable attention has been focused on the removal of heavy metals using biosorbents 
derived from low-cost materials. Several biosorbents such as peat, tea waste, coconut husk, 
sewage sludge, and rice husk have been used for the treatment of metals in aqueous solution 
(Jang et al., 2005).   
 
In this study, sawdust, which has environmental benefits in terms of the reuse of solid 
waste, was tested to evaluate its potential for the treatment of heavy metals. In the present 
investigation, the potential of a byproduct waste has been assessed for the removal of metal 
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ions such as copper, zinc, and iron. The effect of various parameters such as solution pH, 
contact time and adsorbent doses with respect to the percentage of removal of metal ions has 
been studied. The objective of this study is to assess the feasibility of utilizing sawdust for the 
adsorption of heavy metals in aqueous solution by the variation of the given parameters.  
 
1.2    PROBLEM STATEMENT 
 
The increasing of industries in Malaysia lead to the increasing of industrial effluents 
discharged to local rivers and seas, where the increasing of waste disposal to water system 
with improper waste water treatment could cause water pollution. The usage of advanced 
technologies for wastewater treatment is too expensive and not economically feasible. Hence, 
another alternative of low cost adsorption system is tested using sawdust, unused residues 
that could hopefully help to reduce pollution.  
 
Malaysia, a tropical country is one of the world’s largest wood suppliers through nation 
due to its location surrounded with tropical equatorial rainforest. Lumber factories that 
produces waste from lumber cutting which is sawdust is being thrown away or burned, some 
are used for production of wood based panels, mushroom production, animal husbandry, and 
building products. However, this inexpensive waste can also be a solution to reduce water 
pollution. This alternative could save not only money but increases the usage of sawdust or 
waste product. Thus, this research will determine whether sawdust could be an effective 
adsorbent for the removal of heavy metal ions contained in wastewater discharged by the 
industries. 
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1.3    OBJECTIVE 
 
To investigate the potential of sawdust as natural adsorbent to adsorb Cu(II),Zn(II) and Fe 
(II) ions by the variation of solution pH, contact time, initial concentration and adsorbent 
doses. 
 
 
 
1.4     SCOPE 
 
1.41 Analyzation of the potential of sawdust as a low cost natural adsorbent  
        to adsorb heavy metal ions from solution. 
1.42 Investigation and observation of the process condition effect for     
        Cu(II), Zn(II) and Fe(II) that can be removed by using sawdust. 
1.42 Determination of the effect of process parameters to the percentage  
        removal efficiency of heavymetal ions by analyzing the result of initial  
        and final concentration for each variable using Atomic Adsorption   
        Spectrometer: 
 
1.4.2.1 Solution pH 
1.4.2.2 Contact time  
1.4.2.3 Dosage of adsorbent 
1.4.2.4 Initial Concentration 
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1.5    RATIONALE AND SIGNIFICANCE 
 
In this experiment, heavy metal ions, Cu(II), Zn(II) and Fe (II) acts as the atoms and 
molecules attached, called adsorbate. This solid or liquid surface, or adsorbent such as 
activated carbon is one of the material used in adsorption process, but it does not remove 
metal completely. Therefore, researches had studied to find other natural resources that could 
be an alternative to activated carbon. Several biomaterials such as tea waste, rice husk, 
coconut husk, oil palm fibre and sawdust are low cost waste residues and easily available in 
large quantities in Malaysia. 
 
The utilization of natural and agriculture by-product as adsorbent not only 
economically feasible but instead of throwing away waste, it could be functional to be used as 
heavy metal ions adsorbent to reduce pollution. Sawdust is chosen in this research because it 
is selective towards metal ion adsorption, effective, economically feasible because it can be 
easily found as waste at lumber factories, and also benefit for the environment. Hence, from 
sawdust which ones was a waste, we could conventionalize it to become wealth. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 Ahmad et al. (2009) investigated the removal of Cu (II) and Pb (II) ions from aqueous 
solutions by adsorption on sawdust of meranti wood. Batch kinetics and isotherm studies 
were carried out under varying the solution of pH, contact time and adsorbent dosage. 
Adsorption isotherms of Cu (II) and Pb (II) ions on adsorbents were determined and 
correlated with common isotherm equations such as Langmuir 
and Freundlich models. The thermodynamic parameters like free energy, enthalpy, and 
entropy changes for the adsorption of Cu (II) and Pb (II) ions have also been computed and 
discussed. The heat of adsorption [∆H = 31.47 kJ/mol for Cu (II) and ∆H = 20.07 kJ/mol for 
Pb (II)] implied that the adsorption was endothermic in nature. 
 
 Balkaya et al. (2006) had studied the adsorption of cadmium on phosphogypsum, a 
waste material from the manufacture of phosphoric acid by wet process. Before batch 
adsorption study, phosphogypsum was pre-conditioned by milk of lime. Effect of initial pH  
 
on cadmium adsorption was investigated. It was found that cadmium adsorption was 
dependent on solution pH and maximum cadmium removal was observed in the pH range of 
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9.5 and 11.5. The Langmuir and Freundlich theories were used to describe the cadmium 
adsorption process, and the Freundlich isotherm showed the best fit to the process. Maximum 
adsorption capacity of lime-preconditioned phosphogypsum was found to be 131.58 mg/g. 
 
 Yasemin et al. (2006) had studied the adsorption of lead, cadmium and nice1 from 
aqueous solution by sawdust of walnut. The effect of contact time, initial metal ion 
concentration and temperature on metal ions removal has been studied. The equilibrium time 
was found to be of the order of 60 min. Kinetics fit pseudo first-order, second-order and 
intraparticle diffusion models, hence adsorption rate constants were calculated. The 
adsorption data of metal ions at temperatures of 25, 45 and 60°C have been described by the 
Freundlich and Langmuir isotherm model. The thermodynamic parameters such as energy, 
entropy and enthalpy changes for the adsorption of heavy metal ions have also been 
manipulated and discussed. Ion exchange is probably one of the major adsorption 
mechanisms for binding divalent metal ions to the sawdust. The selectivity order of the 
adsorbent is Pb (II)> Cd (II)>  Ni II). From these results, it can be concluded that the sawdust 
of walnut could be a good adsorbent for the metal ions from aqueous solutions. 
 
 Memon et al. (2006) had studied the ability of sawdust (treated and untreated) waste, 
a waste material derived from the commercial processing of cedrus deodar wood for furniture 
production, to remove/preconcentrate Cd (II) ions from aqueous solution. Sorption was found 
to be rapid (97% within 8 min). The binding of metal ions was found to be pH dependent, 
optimal sorption accruing at around pH 4–8. Potentiometric titrations of sawdust revealed 
two distinct pKa values, the first having the value similar to carboxylic groups (3.3–4.8) and 
second comparable with that of amines (8.53–10.2) with the densities 1.99×10−4 and 
7.94×10−5, respectively. Retained Cd (II) ions were eluted with 5ml of 0.1 mol l−1 HCl. 
Detection limit of 0.016 µgml−1 was achieved with enrichment factors of 120. Recovery was 
quantitative using sample volume of 600 ml. The Langmuir and D–R isotherm equations 
were used to describe partitioning behaviour for the system at different temperatures. Kinetic 
and thermodynamic behaviour of sawdust for Cd (II) ions removal was also studied. 
 
M.M.El Jamal et. al. (2011) explained the kinetic and equilibrium study of adsorption 
of some dyes onto feldspar by the effect of dye concentration, pH, mass of adsorbent, 
temperature and shaking speed. His experimental data fitted the pseudo-second order kinetics 
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and maximum adsorption capacity is 0.66mg/g at 40˚C by using Langmuir isotherm study, 
with endothermic process. 
 
Mohammad R. H. et.al. (2011) explained in their study by the experiment of the 
removal of Cr (VI) from aqueous solution was performed using pine needles powder using 
batch adsorption technique. Parameters studied including adsorbent dose, particle size, 
agitation speed, pH of solution, contact time and initial Cr (VI) concentration, where the 
adsorption process was found to be highly pH dependent and the optimum pH range for 
adsorption of Cr (VI) was found to be between 2 and 3. Adsorption isotherms were modelled 
with the Langmuir, Freundlich, Dubinin–Radushkevich and Tempkin isotherms, resulting 
with  Langmuir equation that is found to be the best representing  the equilibrium data for Cr 
(VI) - pine needles powder system than other isotherms with R2 =0.9946 and the maximum 
monolayer adsorption capacity was found to be 40.0 mg g-1 at 298K. 
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CHAPTER 3 
 
 
 
 
METHODOLOGY 
 
 
 
3.1    MATERIALS 
 
i. Sawdust 
ii. Copper(II) Sulphate CuSO4  
iii. Ferrous (II) Sulphate FeSO4 
iv. Zinc(II) Sulphate ZnSO4 
v. 0.1N NaOH 
vi. 0.1N HCl 
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3.2    APPARATUS 
 
i. 100ml Beaker 
ii. 1L and 100ml Measuring cylinder 
iii. 100ml Conical flask 
iv. Aluminium Foil 
v. pH meter 
vi. Atomic Adsorption Spectrometer 
vii. Electronic balance 
viii. Sieve 
ix. Oven 
x. Tyler Mesh (to label samples) 
xi. Glass Rod 
xii. Dropper 
xiii. 1L Volumetric Flask 
xiv. Funnel 
xv. Whatman Filter Paper 125mm 
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3.3    EXPERIMENTAL PROCEDURES 
 
 
3.3.1    Preparation of Sawdust 
 
 The sawdust used in the present investigation as an adsorbent collected from lumber 
factories. The sawmill produced during lumber cutting is called sawdust. The collected 
materials were then washed up with tap water followed by distilled water for several times to 
remove dirt particles. Then, the washed sawdust was then dried at 60˚C for 24 hours in oven. 
The dried material is then crushed and sieved in size range of 100-150 µm particle size using 
a sieve and stored in bottle for use. (Basiru et al. 2010) 
 
 
 
 
 
 
 
 
 
Figure 3.1 Flow Diagram for Preparation of Sawdust 
 
 
Material is crushed and sieved in size range (100-150 µm) particle size 
 
Sawdust is dried at 60˚C in dryer for 24 hours 
 
Sawdust washed with tap water and distilled water several times 
 
Chengal sawdust is collected at local lumber factories 
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3.3.2    Preparation of Adsorbate 
 
 Solution will be prepared by dissolving 250 mg of Copper(II) Sulfate, Zinc(II) Sulfate 
and Ferrous(II) Sulphate in 1L of distilled water in different 1L volumetric flask.  
 
 
 
 
 
 
 
Figure 3.2 Flow Diagram for Preparation of Adsorbate 
 
 
 
3.3.3 Effect of pH 
 
 1 g of sawdust as adsorbent with 100 ml adsorbate was kept constant for this 
experiment. Concentrated 0.1M NaOH and 0.1M HCl is used to change pH from 2 to 10 so 
that the change in volume of the solution is negligible. Adsorbate solution shaked at 25˚C on 
an orbital shaker operated at 150rpm for 145 minutes. Sample is filtered using Whatman 
Filter Paper 125mm to be analyzed at AAS. 
 
 
Working solution of 100 ml is used in this experiment with initial concentration 
of 250mg/L 
 
250 mg of Copper(II) Sulfate, Zinc (II) Sulfate and Ferrous(II) Sulphate is 
dissolved in 1L of distilled water in different volumetric flask (stock solution 
250mg/L) 
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Figure 3.3 Flow Diagram of The Effect of Solution pH 
 
3.3.4    Effect of Contact Time 
 
 In this experiment, the adsorbate solution concentration is 250mg/L. The effect of 
contact time investigated for 5min, 25min, 45min, 65min, 85min, 105min, 125min and 
145min at the pH4 constant and sample of 0.5g adsorbent dosage and shake on an orbital 
shaker operated at 150 rpm and 25˚C. Samples are filtered using Whatman filter paper and 
analyzed using AAS. 
 
 
 
 
 
 
 
 
Figure 3.4 Flow Diagram of The Effect of Contact Time 
 
The conical flask containing 1g of sawdust and 100 ml adsorbate concentration 
is varied in the pH range 2-10 using concentrated NaOH and HCl 
 
The conical flasks is shaked on rotary shaker at 150rpm for 145 minutes 
 
The samples are filtered and analyzed using AAS 
 
The conical flasks is filled with 250 mg/L adsorbate solution 
 
The conical flask is shaked in incubator for 5min, 25min, 45min, 65min, 85min, 
105min, 125min and 145min at the pH4 and 0.5g sample adsorbent dosage on a 
rotary shaker operated at 150 rpm at room temperature 
 
The samples are filtered analyzed using AAS 
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3.3.5    Effect of Adsorbent Dosage 
 
 Initial adsorbate solution concentration of 250 mg/L was used with adsorbent sample 
varying in weight, 0.1g, 0.2g, 0.3g, 0.4 g, and 0.5g. The contact time and pH kept constant at 
145min and pH4 that can be obtained from previous experiment before conducting the effect 
of sawdust dosage experiment at 25˚C. . Samples are filtered using Whatman filter paper and 
analyzed using AAS. 
 
 
 
 
 
 
  
Figure 3.5 Flow Diagram of The Effect of Adsorbent Dosage 
 
 
 
3.3.6    Effect Of Initial Concentration 
 
 In this experiment, the initial adsorbate solution concentration was varied from 
50mg/L, 100mg/L, 150mg/L, 200mg/L and 250mg/L. The effect initial concentration is 
analyzed using constant solution pH of pH4, 0.5g of adsorbent dosage and sample contact 
time of 145min and shake sample on an orbital shaker operated at 150 rpm and 25˚C. 
 
The conical flask is filled with 250 mg/L of adsorbate solution 
 
The samples filtered are analyzed using AAS 
 
The flask is shaked in incubator with sawdust sample of (0.1-0.5)g  
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Figure 3.6 Figure Diagram of The Effect of Initial Concentration 
 
 
 
 
 
 
Experiment on the three variables, effect of pH solution, contact time, adsorbent dosage and 
initial concentration is done for adsorbate, Copper(II) Sulfate, Zinc(II) Sulfate and Ferrous(II) 
Sulphate solution. 
 
 
 
 
 
 
 
The conical flasks is filled with different initial concentrations of 50mg/L to 250 
mg/L adsorbate solution 
 
The conical flask is shake at orbital shaker at constant pH4,0.5g sample 
adsorbent dosage for 145min operated at 150 rpm at room temperature 
 
The samples are filtered and analyzed using AAS 
 
